This study aimed to determine bioavailability of heavy metal concentrations (Al, Fe, Zn, Cu, Co, Cd, Pb and Cr) in 76 urban surface soil samples of Klang district (Malaysia). This study also aimed to determine health risks posed by bioavailability of heavy metals in urban soil on adults and children. For bioavailability of heavy metal concentrations, a physiologically bioavailability extraction test in vitro digestion model was used. Mean values of bioavailability heavy metal concentrations for this study were found to be the highest in Al (25.44 mg/kg) and lowest in Cr (0.10 mg/kg). Results of Spearman correlation coefficient (r) values showed significant correlations were observed for Al-Fe (r D 0.681), Cd-Co (r D 0.495), Cu-Zn (r D 0.232), Fe-Pb (r D 0.260), Fe-Zn (r D 0.239). For cluster analysis, output showed that these heavy metals could be classified into four clusters: Cluster 1 consisted of Cd, Cr, Co, and Pb; Cluster 2 consisted of Zn and Cu; Cluster 3 consisted of Fe; and Cluster 4 consisted of Al. For Clusters 1 and 2, anthropogenic sources were believed to be the sources, while for Clusters 3 and 4 the heavy metals originated from natural sources. Health risks were determined in adults and children through health risk assessment. For adults, Hazard Quotient (HQ) value was <1, indicating no non-carcinogenic risk, while for children, the HQ value was >1, indicating a non-carcinogenic risk. Meanwhile, for carcinogenic risk, heavy metal contamination in the Klang district might not pose a carcinogenic risk to adults while it may pose a carcinogenic risk to children because TR values in this study were >1.0E-04 for children. Output has identified the general health risk in the Klang district. Moreover, this study's findings will contribute to fill in the gap of knowledge on heavy metals' impacts on human health and urban development in the Klang District.
Introduction
Rapid urbanization due to the anthropogenic activities by humans has increased the amount of pollutants, such as dioxins, persistent organic pollutants (POPs), and heavy metals, in urban soil . In urban soil, heavy metals can be present in both natural and anthropogenic forms. The natural forms of heavy metals due to the weathering of rock minerals are present at relatively low concentrations (Dakane, 2012) . However, in recent years, a number of anthropogenic activities have implied notable contributions to the increase in the heavy metal concentrations (Luo et al., 2012) . Anthropogenic activities of heavy metals include traffic emissions, industrial emissions, domestic emissions, weathering of buildings and pavement surfaces, and atmospheric deposition (Wei and Yang, 2010) . These anthropogenic activities have dispersed heavy metals into the air, which are then subsequently deposited on the urban soil, which has increased the level of heavy metals in urban soils (Chen et al., 2005) .
The Klang District is located in the west of Peninsular Malaysia and is considered one of the areas that are undergoing rapid urbanization development. Aside from rapid urbanization, Klang is also an area surrounded by land-and sea-based anthropogenic activities. According to Shazili et al. (2006) , anthropogenic activities in west Malaysia, including the Klang district, have become one of the major contributors of environmental pollution in that area, including heavy metals. Major input sources of heavy metals occurring in the Klang district can directly contribute to high levels of Cd and Zn concentrations in Klang waters, sediment, soil, and biota (Yap et al., 2003) . Moreover, heavy metals in urban areas have been a subject of great concern from the human health perspective as the bioaccumulation of heavy metals over a prolonged time can become hazardous to human health because of the long biological half-lives for elimination from the body (Majid et al., 2012) . Thus, due to the concern about the effect of heavy metals on human health, an increasing number of studies have focused on heavy metals in urban soil (Chen et al., 1997) . There are studies that used the total heavy metal concentrations in order to conduct a health risk assessment (HRA) in urban soils and measure the impact of heavy metals on human health, such as the studies done by Karim and Qureshi (2013) in Pakistan and Olawoyin et al. (2012) in Nigeria. However, these studies used total heavy metal concentrations, which are not suitable for the HRA. This is because using total heavy metal concentrations will overestimate the actual risk to the human population (Peijnenburg et al., 2007) . However, using the bioavailability of heavy metal concentrations will provide accurate results in HRA rather than the total of heavy metals. This is because the bioavailability of heavy metals measures the heavy metals that were absorbed in the gastrointestinal tract of humans (Oomen et al., 2003) .
Thus, to evaluate the impact of heavy metals on human health requires evaluation of the bioavailability concentration. Therefore, this study aimed to determine the bioavailability of heavy metal concentrations (Fe, Cu, Zn, Co, Cr, Al, Pb, and Cd) in the urban surface soil of the Klang district. In addition, this study also aimed to classify the sources of bioavailability of heavy metal concentrations (Fe, Cu, Zn, Co, Cr, Al, Pb, and Cd) in the urban surface soil of the Klang district. Moreover, this study also aimed to assess the health risks (carcinogenic and non-carcinogenic risks) using the Health Risk Assessment (HRA) through the ingestion pathway. Thus, with the result of HRA in this study output, it will be able to fill in the knowledge gap on heavy metal impacts on human health in the Klang district. Moreover, this study's findings will also help in the policymaking of laws regarding environmental and human health.
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N. S. Yuswir et al. (Figure 1 ). In order to select the location of urban surface soil samples in Klang District, a simple random sampling method was used. The location was randomly selected using a map from the Department of Survey and Mapping Malaysia. After that, a sampling site was selected based on availability and accessibility of the location. Simple random sampling was used in this study because it is the simplest of the probability sampling techniques where a sample was chosen from a larger set. Similarly, this method has been used in the study done by Man et al. (2010) . In addition, a Global Positioning System (GPS) was also used in this study in order to identify the sampling locations. Urban surface soil samples were collected from various locations, such as in industrial, residential, agricultural, town area, port, school, and mangrove. Table 1 shows the description on the land used for each sampling location. At each sampling site, urban surface soil from the top 5 cm layer was randomly collected using stainless-steel scoops and then placed in a polyethylene bag for transportation to the laboratory. Then, the urban surface soil samples were air-dried for one week and homogenized using a mortar and pestle. After the homogenization process, the urban surface soil samples were then passed through a 2 mm mesh screen and stored in polyethylene bags.
Materials and Methods

Sample Location and Soil Sampling
Sample Analysis
In Vitro Digestion Model. In order to determine the heavy metal bioavailability for human exposure, the Physiologically Bioavailability Extraction Test (PBET) in vitro digestion model described by Man et al. (2010) was adopted in this study. A Physiologically Bioavailability Extraction Test is a static gastrointestinal model which simulates the transit through the human digestive tract by sequential exposure of the soil from gastric and small intestinal conditions. The Physiologically Bioavailability Extraction Test has been widely used for assessing the bioavailability of heavy metals in soil because it is simple and easy to conduct, unlike other in vitro digestion models, and has been validated by in vivo experimental data in swine studies (Yuswir et al., 2013) . The gastric solution for this model was prepared by adding 3 ml of sodium chloride, 0.5 g of malate, 0.430 mL of lactic acid, 0.5 mL of acetic acid, and 1.25 g of pepsin (Sigma Chemical Co.) into 1 L of deionized water with a pH of 1.5 using 12 M hydrochloric acid. One g of soil was added into a 50 mL plastic centrifuge tube and then 30 mL of prepared gastric solution was added and shaken with a shaker at 55 rpm for one hour at 37 C. Simulation of the gastric condition was changed to the intestinal condition by adjusting the pH to 7.0 using 1 M sodium hydroxide, and 0.06 g of porcine bile extract and 0.018 g of porcine Heavy Metal Contamination in Urban Surface Soil pancreatin (Sigma Chemical Co.) was added. During the intestinal condition simulation, the samples were shaken with the same shaking incubator above 55 rpm for 4 h at 37 C. Then, the samples were centrifuged at 3300 rpm for 10 min at 37 C. Next, the supernatant was filtered through a 0.45 mm Millipore filter to reduce any effects from the microbial activity. Finally, the filtered sampled was analyzed using Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES) Pelkin Elmer Optima 8300 for determination of the bioavailability of the heavy metal concentrations.
Quality Control. In order to prevent contamination, all of the apparatus were cleaned before analysis by soaking in 10% of nitric acid for 24 hours. Then, the apparatus was rinsed three times with deionized water and left to dry at room temperature (Naji and Ismail, 2012) . In addition, all of the chemicals, especially enzymes, were stored at the appropriate storage temperature before and after use in order to prevent from becoming denatured. Furthermore, ICP OES was calibrated using Pelkin Elmer Multi element calibration ICP Standard 3 before the analysis. A blank sample using deionized water and standard reference soil sample (Montana Soil 2711a) was also analyzed in order to monitor the analytical accuracy and precision. Moreover, in order to determine the precision of the analysis, all of the samples were run in triplicate during analysis using ICP-OES. Standard Reference Material (SRM), which is Montana Soil 2711a, was used to calibrate the ICP-OES. The results of the recovery rates for this SRM were between 90-120%. According to Man et al. (2010) , the agreement between the analytical results was satisfied with the recoveries between 90-120%. Moreover, based on the USEPA recommendation, the method is considered precise when the recovery rate is between 90-120% (Bialk-Bielinska et al., 2009).
Statistical Analysis. The analytical results were compiled to form a multi-elemental database SPSS version 20. Table 2 shows that the normality test was used to analyze the normality of the data. Based on the normality test of Kolmogorov-Smirnov test it showed 
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N. S. Yuswir et al. (2003), a Spearman correlation coefficient value (r) of above 0.8 shows a very strong correlation, 0.6-0.8 shows a moderately strong correlation, 0.3-0.5 shows a fair correlation, and less than 0.3 shows a poor correlation while a negative value shows that the two variables were inversely correlated. Cluster Analysis (CA) was performed to further classify the elements of different sources on the basis of the similarities of their chemical properties. Hierarchical Cluster Analysis was used in this study, and is a convenient method for identifying homogenous groups of objects called clusters. The hierarchical clustering approach used in this study is characterized by the tree-like structure established in the course of the analysis. Euclidean distance (or straight-line distance) is the most commonly used measure of similarity or dissimilarity between pairs of parameters or objects. The parameters for cluster analysis are bioavailability of heavy metal concentrations. Similarities on bioavailability of heavy metal concentrations in surface soil of Klang were assessed using a dendogram. The distance cluster represents the degree of association between elements. The lower the value on the distance cluster, the more significant the association (Sasirekha and Baby, 2013; Chen et al., 2005; Arabie and Hubert, 1994) .
Health Risk Assessment. In the HRA step, heavy metal exposure of carcinogenic and non-carcinogenic hazards for both children and adults to urban soil was applied. Carcinogenic risk was calculated for the lifetime exposure, estimated as the incremental probability of an individual developing cancer over a lifetime as a result of total exposure to the potential carcinogen. According to the USEPA (2011), heavy metals that have a carcinogenic risk include As, Cd, Cr, and Pb, while heavy metals that have a non-carcinogenic risk include Fe, Zn, Cu, A, Co, Cd, Cr, and Pb. In order to evaluate the HRA through ingestion by the exposure pathways by children and adults, the chronic daily intake (CDI) (mg/kg/day) of a contaminant was applied and Equation (1) was used in the estimation of CDI via the ingestion routes of the exposure pathways.
The Exposure Factors Handbook (USEPA, 2002) was used as the main guide in order to obtain the ingestion rate (IngR), exposure frequency (EF), exposure duration (ED), conversion factor (CF), and averaging time (AT) values in the CDI calculation for the soil. Then, the HRA (non-carcinogenic risk) was determined using Equation (2) and the reference dose (RfD) values from the Integrated Risk Information System (IRIS) (USEPA, 2002) and Risk Assessment Information System (RAIS) (USDOE, 2011) were used. After that, the Hazard Quotient (HQ) value was compared with the following values of risk acceptability for non-carcinogenic health effects. In cases where the non-carcinogenic HQ does not exceed unity (HQ < 1), it is assumed that no chronic risks are likely to occur at the site.
Hazard Quotient Non carcinogenic risk ð Þ D CDI /RfD (2) For carcinogenic risk, the equations from the Exposure Factors Handbook (USEPA, 2002) were used to calculate the CDI for ingestion. Then, Total Risk (TR), which is the probability of cancer affecting human health in a lifetime, was calculated using Equation (4).
The TR and HQ values were generated based on average value for each heavy metal for all sites. The used value and parameter used in the equation are shown in Table 3 . Meanwhile, the RfD and the Cancer Slope Factor (CSF) used in the equation are shown in Table 4 .
Results and Discussion
Bioavailability Heavy Metal Concentrations Table 5 shows the mean values of the heavy metal concentrations in the Klang District urban soil. Currently, there is no information available on typical background values for bioavailability of heavy metal concentrations in Malaysia urban soil. Therefore, the bioavailability of heavy metal concentrations from this study were compared with the Canadian Soil Guideline Value, which was developed in order to monitor the functional properties of the soil for the protection of environmental and human health. Canadian Soil Guideline values are useful for assessing human health and the environment risks that arise from exposure to contaminated soils. From Table 5 , it can be seen that the mean bioavailability of heavy metal concentrations in this study were lower than the bioavailability data from the Canadian Soil Guideline Value when being compared. Mean values of bioavailability heavy metal concentrations in the Klang urban soil were below the Canadian Soil Guideline values, indicating that Klang urban soil is safe for humans. However, even though the guideline stated that it is safe if the heavy metal concentration does not exceed the guideline value, it is not sufficient to evaluate the impact of the heavy metals on human health. Thus, in order to evaluate the impact of heavy metals on human health, an HRA is needed.
Apart from comparing the data with the Canadian Soil Guideline Value, the bioavailability of heavy metal concentrations from this study was also compared with the bioavailability data from other studies. According to Table 5 , the mean bioavailability of heavy metal concentrations in this study was lower than the bioavailability concentration from other studies. Moreover, this study's findings were also lower than in the study conducted by Praveena et al. (2014) in Seri Kembangan (Malaysia). According to Praveena et al. (2014) , the heavy metal concentrations in Seri Kembangan urban soil were derived from the vehicular emissions, atmospheric deposition, and industrial activities. The bioavailability of heavy metal concentrations in Seri Kembangan was higher than this study's findings because Seri Kembangan is located in the vicinity of an industrial area (Seri Kembangan Industrial Area). This is supported by Kamaruzzaman et al. (2008) , Praveena et al. (2014) , and Bin (2011), and sampling locations near industrial and high traffic areas will result in high heavy metal concentrations. Table 6 shows the Spearman correlation coefficient (r) values involving heavy metals in urban soil with significant levels of 0.01 and 0.05. Positive significant correlations were observed for Al-Fe (r D 0.681), Cd-Co (r D 0.495), Cu-Zn (r D 0.232), Fe-Pb (r D 0.260), and Fe-Zn (r D 0.239). Negative significant correlations were also observed for Al-Cu (r D ¡0.503), Co-Pb (r D ¡0.241), and Cu-Fe (r D ¡0.492). For all of the positive correlations in this study, the results from this study showed that only poor correlations were observed between Cu-Zn, Fe-Pb, and Fe-Zn. Meanwhile, the results from this study showed that there was a fair correlation between Cd-Co. In addition, the results from this study showed that there was a moderately strong correlation between Al-Fe. Meanwhile, correlation between Al and Fe indicated that sources of these two heavy metals might have originated from the same source (natural source). This is supported by Ljung (2006) , who stated that concentration of Al and Fe in soil is due to the natural origin of the soil. The correlation between Cu, Zn, Cd, Pb, and Co indicated that the sources of these heavy metals may come from anthropogenic sources, such as vehicle emissions and industrial emissions (Chen et al., 2005) . Furthermore, the correlation between Fe-Zn and Fe-Pb indicated contribution by both natural and anthropogenic sources since both of these elements have a significant correlation with Fe (Chen et al., 2005) .
Spearman Correlation Coefficient Analysis
Cluster Analysis
Based on the dendogram in Figure 2 , there are four clusters: Cluster 1, which consisted of Cd, Cr, Co, and Pb; Cluster 2, which consisted of Zn and Cu; Cluster 3, which consisted of Fe; and Cluster 4, which consisted of Al. Clusters 1 and 2 contained heavy metals that were commonly generated by anthropogenic sources in urban areas, while Clusters 3 and 4 consisted of major elements in the soil that might have originated from natural sources. According to Chen et al. (2005) , heavy metals in Cluster 1 (Cd, Cr, Co, and Pb) and Cluster 2 (Zn and Cu) may come from anthropogenic sources. Anthropogenic sources of heavy metals in the urban soil in Klang might come from manufacturing, the port, shipping activities, industrialization, or urbanization (Sany et al., 2012; Shazili et al., 2006; Naji and Ismail, 2010; Sapari et al., 1996) . This is supported by Shazili et al. (2006) , who stated that the manufacturing sector, including electronic and semiconductor industries, has been identified as a major source of wastes containing high concentrations of heavy metals such as Cd, Co, Pb, and Cr. The study by Naji and Ismail (2010) found a high level of heavy metals, such as Cd in the Klang River surface sediment, due to the rapid industrialization and urbanization in that area. The study of Naji and Ismail (2010) showed that industrial wastewater discharge to the Klang River contained heavy metals, such as Cd, which contaminated the river water and sediment. Moreover, Sapari et al. (1996) found high concentrations of Cr in Klang wastewater due to industrialization generated by a metal finishing factory in Klang. For Cluster 2, the studies by Petersson (2005) and Kouji and Yoshiaki (2004) stated that the main source of heavy metals in Cluster 2 (Cu and Zn) was derived from vehicle emissions, where Zn was derived from the emission of tyres while Cu was added as one of the components in the vehicle brakes. According to Mohamad (2005) , the percentages of vehicle usage are motorcycles (23.7%), cars (56.6%), and buses (18.1%) in the Klang District and it is among the highest in Malaysia. Thus, the high percentage of vehicle usage has contributed to the concentration of Cu and Zn in the Klang District. For Clusters 3 and 4, Ljung (2006) stated that concentrations of Fe and Al in soil might come from natural sources. For both Fe and Al, these heavy metals were also found to be significantly correlated in the Spearman correlation coefficient output (r D 0.681). The natural sources of heavy metals in the soil are from the mineral weathering of rocks, which is the primary source of background heavy metals in soil (Dakane, 2012) . Normally, the concentrations of natural heavy metals (Al and Fe) will exceed the concentrations of anthropogenic heavy metals (Zn, Cu, Co, Cd, Pb, and Cr) (Yongming et al., 2006) . Thus, this indicated the reasons why the Al and Fe concentrations were the highest in this study compared to the other heavy metals. For the sources of Al in soil, silicate minerals, such as kaolin, feldspar, and mica, and non-silicate minerals, such as gibbsite, contain significant quantities of Al (Radojevic and Bashkin, 1999) . Wust et al. (2002) showed that the soils in Peninsular Malaysia have silicate and non-silicate minerals, such as kaolinite and gibbsite. For Fe, Radojevic and Bashkin (1999) stated that Fe is the fourth most abundant element in the earth's crust and that it is a major constituent of soil. Meanwhile, for the source of Fe in soil, non-silicate minerals, such as haematite, contain Fe (Poveromo, 1999) . In Malaysia, the natural sources of silicate and non-silicate minerals in soil that contain Al and Fe were derived from kaolinite, gibbsite, goethite, and haematite (Shamshuddin and Anda, 2008) .
Health Risk Assessment
According to the toxicological profiles from USEPA (2011), most of the heavy metals have adverse health effects on humans, while some of the heavy metals are carcinogenic (USEPA, 2011) . In this study, heavy metals, such as Cr, Pb, and Cd, induce both non-carcinogenic and carcinogenic risks, while Fe, Zn, Cu, Al, and Co only induce non-carcinogenic risks.
For the HRA in this study, based on the results of the HQ of heavy metal contamination in the Klang District shown in Figure 3 , no non-carcinogenic risk to adults via soil ingestion pathways might be posed because the HQ values in this study were below 1. However, heavy metal contamination in the Klang District might pose non-carcinogenic risks, such as stomachache, nausea, vomiting, and diarrhea, to children via soil ingestion pathways because the HQ value in this study was more than 1. For the TR, Figure 4 shows that heavy metal contamination in the Klang District might not pose a carcinogenic risk to adults via soil ingestion pathways because the TR values in this study were less than 1.0E-04. Meanwhile, the heavy metal contamination in the Klang District might pose a carcinogenic risk to children via soil ingestion pathways because the TR values in this study were more than 1.0E-04. Thus, this indicates that children are more susceptible than adults to the carcinogenic and non-carcinogenic health effects of heavy metals.
There are limitations in measuring the health risks of heavy metals to humans using average concentrations in HRA. The limitations of HRA are largely related to its usage and it is important to recognize that, although an HRA highlights health risks, it does not diagnose disease. In addition, by using the HRA, there will be large information gaps about the specific mechanisms and processes affecting the functions and organs within the body (Paustenbach, 2002) . Moreover, all of the values used in the HRA calculation, such as body weight, ingestion rate, and exposure duration values, were taken from USEPA. However, the values from USEPA used in HRA calculation involving the Klang District will determine the general health risk in the Klang District or population in Klang. Moreover, using HRA can help in measuring and monitoring the health status of the population in the Klang District by giving a snapshot of their current health risk of being exposed to heavy metals. Additionally, even though the values used in the HRA calculation were developed by USEPA, it has been widely used by other countries, such as China, Korea, and Nigeria, to determine general health risks in their study area or population (Alexander, 2000) . In addition, the HRA will assist in the decisionmaking of policymakers and government regulators in the adoption of numerous laws regulating environmental hazards that will protect human health (Paustenbach, 2002) .
Conclusion
In conclusion, mean of bioavailability heavy metal concentrations showed that Al was found to be the highest while Cr was the lowest in urban surface soil of the Klang District. Spearman correlation coefficient showed that heavy metals, such as Al and Fe, might come from the same sources (which are natural sources), while heavy metals such as Cd, Co, Cr, and Cu might come from the same sources (which are anthropogenic sources). Cluster analysis classified bioavailability heavy metals in urban surface soil samples into four clusters. These four clusters showed different associations and clustering patterns among bioavailability of heavy metals in urban surface soil samples. For the HRA in this study, the results of the HQ showed that the heavy metal contamination in the Klang District might not pose a non-carcinogenic risk to humans via the soil ingestion pathway in adults because the HQ values were less than 1, while it might pose a non-carcinogenic risk to children because the HQ values were more than 1. For carcinogenic risk, heavy metal contamination in the Klang District might not pose a carcinogenic risk to adults because the TR values in this study were less than 1.0E-04. Meanwhile, heavy metal contamination in the Klang District might pose carcinogenic risks to children because the TR values in this study were more than 1.0E-04. Output of this study can be used to fill in the knowledge gap in the information on risk of soil heavy metal exposure to human health. Moreover, output from this study can also be useful in helping government or related agencies in policymaking concerning urban development in the Klang District. 
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